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Abstract 1 

CD109 is a glycosylphosphatidylinositol-anchored glycoprotein and a member of the α2-2 

macroglobulin/C3,C4,C5 family of thioester-containing proteins first identified as being 3 

expressed on blood cells, including activated T cells and platelets, and a subset of CD34+ 4 

bone marrow cells containing megakaryocyte progenitors. Although CD109 carries the 5 

biallelic platelet-specific alloantigen Gov, the physiological functions or roles of CD109 in 6 

human disease remain largely unknown. It was recently demonstrated that CD109 is 7 

expressed in many malignant tumors, including various squamous cell carcinomas and 8 

adenocarcinomas, and plays a role as a multifunctional co-receptor. CD109 reportedly 9 

associates with transforming growth factor (TGF)-β receptors and negatively regulates TGF-β 10 

signaling in keratinocytes. Additionally, CD109 is potentially related to signal transducer and 11 

activator of transcription-3 signaling and aberrant cell proliferation. In this review, we 12 

describe recent evidence of CD109-specific significance in malignant tumors shown in mouse 13 

models and human tissues. Furthermore, we discuss the physiological functions of CD109 in 14 

vitro and in vivo, including results of phenotype analyses of CD109-deficient mice exhibiting 15 

epidermal hyperplasia and osteopenia. 16 

 17 

Key words: carcinogenesis, CD109, exosome, glycosylphosphatidylinositol-anchored 18 

protein, malignant tumors, mouse models, STAT3, TGF-β. 19 
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CD109 is a glycosylphosphatidylinositol (GPI)-anchored glycoprotein and a member of 1 

the α2-macroglobulin/C3,C4,C5 family of thioester-containing proteins1-3 and was first 2 

identified as a cell-surface antigen detected by a monoclonal antibody raised against a 3 

myeloid cell line (KG1a).4 CD109 is expressed on phytohemagglutinin-activated T cells, 4 

thrombin-activated platelets, endothelial cells, a subset of CD34+ bone marrow cells that 5 

contains megakaryocyte progenitors, and mesenchymal stem-cell subsets.4-6 Additionally, 6 

CD109 is expressed in normal tissues, such as myoepithelial cells of the mammary, lacrimal, 7 

salivary, and bronchial glands, basal cells of the prostate and bronchial epithelia and 8 

epidermis, seminiferous tubules of testis, and osteoblasts and osteoclasts in bone.7-9 The role 9 

of CD109 in blood cells was intensively studied in the 1990s, during which it was revealed to 10 

carry the biallelic platelet-specific alloantigen Gova/b (Fig. 1a) responsible for neonatal 11 

alloimmune thrombocytopenia10,11; however, its physiological function in blood cells remains 12 

unclear. We previously reported that CD109-deficient mice exhibit epidermal hyperplasia in 13 

skin and osteopenia in bone,8,9 suggesting possible CD109-related physiological functions in 14 

vivo. Although previous studies report CD109 expression in various malignant tumors12-17 and 15 

correlation with prognosis in patients harboring a malignant tumor, such as a glioblastoma or 16 

lung adenocarcinoma,16,17 its roles in human disease remain largely unknown. In this review, 17 

we describe our views and perspectives on the significance of CD109 in malignant tumors 18 

and provide a description of our recent studies showing the involvement of CD109 in skin and 19 

bone-tissue homeostasis in CD109-deficient mice. Furthermore, we briefly describe the 20 

possibility of developing new anticancer drugs targeting CD109. 21 

 22 

CD109 is a membrane protein expressed in malignant tumors 23 

High levels of CD109 expression have been detected in various tumor-cell lines and 24 

tumor tissues, including those associated with squamous cell carcinomas (SCCs) of the lung, 25 

esophagus, uterus, and oral cavity, adenocarcinomas of the lung and pancreas, breast cancer, 26 

glioblastoma, hepatocellular carcinoma, urothelial carcinoma of the urinary bladder, and 27 

several types of sarcomas (Table 1).12-41 Immunohistochemical (IHC) analyses revealed 28 
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elevated CD109 expression on tumor cells (Fig. 1b), whereas its expression in many human 1 

tumors has also been confirmed by quantitative PCR (qPCR), DNA microarray, and RNA-seq 2 

analyses (Table 1). In particular, CD109 expression on the tumor-cell surface was first 3 

analyzed by IHC in SCCs (Fig. 1b),18-26 followed by identification of surface expression on 4 

malignant tumors other than those associated with SCCs, such as glioblastoma (Fig. 1b).16,30 5 

Moreover, studies show that CD109 subcellular localization varies among cancer types, with 6 

localization on the cell surface of tumor cells in most cancers, including skin SCC and 7 

glioblastoma,16,24,30 but diffuse expression observed throughout the cytoplasm of tumor cells 8 

in some types of sarcomas.39 Our IHC data using an anti-CD109 monoclonal antibody 9 

confirmed CD109 expression on the seminoma cell surface (Fig. 1b). 10 

The correlation between CD109 expression and tumor grade also varies among cancer 11 

types. Although CD109 expression is significantly higher in lower-grade SCCs or urothelial 12 

carcinomas of the urinary bladder relative to that in higher-grade SCCs or urothelial 13 

carcinomas, respectively,18,22,24-27 its expression is significantly higher in higher-grade glioma, 14 

ductal carcinoma of the breast, non-small cell carcinomas of the lung, hepatocellular 15 

carcinoma, epithelioid sarcoma, and myxofibrosarcoma as compared with that in lower-grade 16 

tumors, respectively.12,14-16,34,39 Additionally, CD109 expression in normal tissues is strictly 17 

controlled and specifically occurs in myoepithelial cells of the mammary, lacrimal, salivary, 18 

and bronchial glands, basal cells of the prostate and bronchial epithelia and epidermis, 19 

seminiferous tubules of testis, and osteoblasts and osteoclasts in bone.7-9 These findings 20 

suggest that CD109 expression is controlled in normal tissues and associated with tumor 21 

development. 22 

 23 

CD109 is secreted in its truncated form or as a component of exosomes 24 

CD109 plays a putative role as a secreted protein, as well as a cell-surface marker. 25 

Although CD109 is a GPI-anchored protein, it is also a secreted protein that harbors a signal 26 

peptide and furinase-cleavage site (Fig. 1a).42 The 155-kDa core protein of CD109 is linked to 27 

GPI, glycosylated in the endoplasmic reticulum (ER), and transferred to the Golgi apparatus 28 
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(Fig. 2a).42 The glycosylated 190-kDa form of CD109 is further glycosylated and cleaved into 1 

180-kDa and 25-kDa fragments by furinase. In addition to cell-surface expression of the 180-2 

kDa/25-kDa CD109 complex and enrichment on lipid rafts, the 180-kDa CD109 subunit is 3 

secreted into culture medium.42 Additionally, CD109 glycosylation is altered in different cell 4 

types, with the manner of secretion also varying between normal or tumor tissue.43 We 5 

recently reported that CD109 is expressed on exosomes,44 which are extracellular vesicles that 6 

range from 50 nm to 100 nm in diameter. Western blot using anti-CD109 antibodies 7 

confirmed the presence of 180-kDa and 25-kDa CD109 fragments in an exosome fraction, 8 

and immuno-electron microscopy using an anti-CD109 antibody revealed exosome 9 

localization of CD109 fragments, suggesting that some 180-kDa/25-kDa complex fragments 10 

are released into the extracellular space as exosomal proteins (Fig. 2b).44 Moreover, CD109 is 11 

reportedly highly expressed in a subtype of circulating endothelial cells (CECs),29 which were 12 

recently considered a biomarker of cancer angiogenesis.45 Furthermore, a previous study 13 

reported detection of soluble CD109 in in mouse serum and urine (Table 2).46 These findings 14 

suggest that CD109 might represent a novel biomarker for CD109-expressing malignant 15 

tumors. 16 

 17 

CD109 is a multifunctional co-receptor that promotes tumor initiation, progression, and 18 

metastasis 19 

Although CD109 function has been extensively studied, its detailed biological role 20 

remains unclear. The primary function of CD109 reportedly involves downregulating 21 

transforming growth factor (TGF)-β signaling through its binding to TGF-β receptor I [activin 22 

receptor-like kinase (ALK)5],47 TGF-β,48 ALK1,49 and 78-kDa glucose-regulated protein 23 

(GRP78)50 in vitro. Both GPI-anchored CD109 and soluble CD109 bind to TGF-β receptors 24 

and attenuate TGF-β-induced SMAD2/3 phosphorylation (Fig. 3a).42,48,51 Particularly in 25 

SCCs, CD109 promotes tumor initiation by suppressing the TGF-β/SMAD/ nuclear factor 26 

erythroid 2–related factor-2 pathway52; however, CD109 deficiency has no significant effect 27 

on TGF-β signaling in mouse keratinocytes in vitro and in vivo,8 suggesting that the function 28 
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of CD109 in TGF-β signaling is dependent upon cell type, although the reason for this is not 1 

yet fully understood. 2 

We previously reported that CD109 enhances epidermal growth factor (EGF) signaling 3 

in glioblastoma cells.43 Furthermore, CD109 also regulates a signal transducer and activator 4 

of transcription-3 (STAT3)-related signaling pathway.8,17,53 A previous study suggested that 5 

CD109 interacts with gp130, a component of the interleukin (IL)-6 receptor, to enhance 6 

STAT3 phosphorylation and metastasis of A549 lung adenocarcinoma cells, leading to the 7 

hypothesis that CD109 is critical for Janus kinase (JAK)-STAT3 signaling in lung 8 

adenocarcinoma metastasis.17 However, further investigations are necessary to confirm a role 9 

for CD109 in the JAK-STAT3 pathway. Our previous experiments revealed enhancement of 10 

STAT3 phosphorylation in CD109-deficient keratinocytes.8 Moreover, to evaluate a possible 11 

interaction between CD109 and gp130, we performed IL-6-stimulation experiments using 12 

CD109-deficient A549 lung adenocarcinoma cells, finding that CD109 deficiency had no 13 

apparent effect on STAT3 phosphorylation (Fig. 3b). These controversial results suggest that 14 

STAT3 phosphorylation is regulated by CD109 in a more complicated manner than that 15 

observed in TGF-β signaling or in a manner different according to cell type. On the other 16 

hand, we reported no significant differences in TGF-β, EGF, and STAT3 signaling between 17 

CD109-high and -low gliomas, although CD109 is expressed on a population of perivascular 18 

brain tumor stem cells and clearly promotes tumor progression.16 Our data suggested that 19 

CD109 exerts functions related to tumor stem cells rather that those associated with regulating 20 

TGF-β, EGF, and STAT3 signaling in gliomas.16 21 

In addition to its relationship with SCCs, glioblastoma, and lung adenocarcinoma, 22 

CD109 has prognostic significance in other human tumors. Previous reports (Table 1) and our 23 

analyses using The Cancer Genome Atlas (TCGA) (http://cancergenome.nih.gov/) 24 

demonstrate that patients with higher expression of CD109 (CD109-high) have a significantly 25 

worse prognosis than those with lower expression of CD109 (CD109-low) in various 26 

malignant tumors, such as those associated with glioma, glioblastoma, breast ductal 27 

carcinoma, lung, gastric, colorectal, and pancreatic adenocarcinomas, as well as urothelial 28 
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carcinoma of the urinary bladder, hepatocellular carcinoma, epithelioid sarcoma, 1 

myxofibrosarcoma, and diffuse large B cell lymphoma (Table 1 and Fig. 4).12-17,39,40 A 2 

controversial exception is urothelial carcinoma of the urinary bladder, where CD109 3 

expression inversely correlated with poor prognosis in patients in our study (Table 1).27 4 

Conversely, there was no significant difference in prognosis between CD109-high and -low 5 

patients with SCCs (Table 1 and Fig. 4a).18 These results suggest that the role of CD109 in 6 

tumor progression or metastasis in SCCs is distinct from that in other tumor types. 7 

 8 

The role of CD109 in vivo 9 

As noted, studies using cultured tumor cells and clinicopathologic analyses revealed a 10 

role for CD109 in modulating TGF-β signaling by binding to its cognate receptors, and that 11 

CD109 expression correlates with the outcomes of various human malignant tumors. 12 

Additionally, in vivo CD109 functions have also been studied using several mouse models 13 

(Table 2).8,9,16,17,46,52,54-56 Among these studies, we compared the phenotype of CD109-14 

deficient mice with that of their wild-type (WT) counterparts,8,9 with macroscopic analyses 15 

revealing transient impairment of hair growth in CD109-deficient mice (Fig. 5). Subsequent 16 

histologic analysis with hematoxylin and eosin (H&E) staining revealed persistent hyperplasia 17 

of the epidermis and sebaceous glands, and IHC analysis revealed thickening of the basal and 18 

suprabasal layers of the epidermis (along with p63-positivity) in CD109-deficient mice (Fig. 19 

5).8 Additionally, CD109-deficient mice exhibited an osteopenia phenotype that was verified 20 

by reduced bone/tissue volume, decreased trabecular number, and increased trabecular 21 

separation according to micro-computed tomography (CT) scans (Fig. 6a).9 IHC analysis 22 

showed that CD109 is expressed in both osteoblasts and osteoclasts, and serum analyses 23 

revealed that CD109 deficiency increases their activities in mice.9 These findings suggest that 24 

CD109-deficient mice exhibit a “high-turnover osteoporosis” phenotype (Fig. 6b).9 25 

Paradoxically, CD109 deficiency reduced osteoclast formation in pre-osteoclast cells in 26 

vitro.9,57 These phenotypes indicated that CD109 plays a regulatory role in skin and bone 27 

homeostasis. In the skin, previous studies analyzed dermal fibrosis induced by bleomycin and 28 
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in vivo wound healing using K14-CD109 transgenic mice.54-56 Their results suggested that 1 

K14-CD109 transgenic mice were resistant to bleomycin-induced skin fibrosis and showed 2 

reduced dermal thickness and decreased fibrotic response in wounds as compared with WT 3 

mice. Interestingly, these results were accompanied by increases in STAT3 signaling in 4 

CD109-deficient mice8 and decreases in TGF-β signaling in K14-CD109 transgenic mice.49 5 

The roles of CD109 in tumors have also been examined in vivo. A previous study 6 

demonstrated that CD109 promotes the initiation of skin squamous cell tumors exhibiting 7 

suppressed TGF-β signaling,52 the progression of gliomas with resistance to chemotherapy,16 8 

and metastasis of lung adenocarcinoma cells exhibiting enhanced STAT3 phosphorylation17 in 9 

specific mouse models, respectively. These results and the prognostic significance of CD109 10 

in human tumors suggest CD109 as not only a prognostic marker but also as having a 11 

potentially important biological role related to poor prognosis in patients with malignant 12 

tumors. 13 

 14 

Further questions and perspectives 15 

This review describes the significant roles of CD109 in malignant tumors, as well as the 16 

molecular mechanisms by which CD109 promotes tumor initiation, progression, and 17 

metastasis and/or regulates physiological homeostasis in skin and bone. However, there 18 

remain a number of unanswered biological questions. For example, the roles of CD109 in 19 

TGF-β and STAT3 signaling are controversial, although numerous studies report their 20 

involvement in CD109-mediated promotion of malignancy in various tumors or the 21 

suppression of skin fibrosis in vivo. In particular, the effect of CD109 on STAT3 22 

phosphorylation remains to be elucidated. Furthermore, both the CD109-binding partner and 23 

the direction of regulation (up or down) of STAT3 signaling by CD109 remain unclear. 24 

Another provocative question concerns whether CD109 functions are limited to 25 

regulating TGF-β, EGF, and STAT3 signaling. A preliminary study reported that CD109 might 26 

regulate tumor necrosis factor-α signaling in keratinocytes58; however, the biological role of 27 

CD109 as a multifunctional co-receptor requires further clarification. 28 
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Although numerous studies have described CD109 functions or the underlying 1 

molecular mechanisms, its precise role in blood cells remains uncertain. As described, CD109 2 

was first identified in a myeloid cell line (KG1a) and subsequently demonstrated as playing a 3 

critical role in hematological disorders, such as neonatal alloimmune thrombocytopenia, 4 

involving the platelet-specific alloantigen Gova/b. Unfortunately, no relevant findings were 5 

reported involving blood cells from CD109-deficient mice.8,9 Although reports indicated that 6 

CD109 regulates osteoclastogenesis and is a putative risk marker associated with diffuse large 7 

B cell lymphoma,40,57 the physiological functions of CD109 in blood cells, as well as in skin 8 

and bone, require additional investigation. 9 

CD109 is potentially advantageous for drug development not only based on its 10 

expression on the cell surface and ability to bind the anti-CD109 antibody in vivo but also 11 

because CD109-deficient mice exhibit no lethal phenotype, with no significant difference in 12 

life span between WT and CD109-deficient mice.8 Although there are no reports that the anti-13 

CD109 antibody acts as a therapeutic agent in vivo, one study showed that CD109 expression 14 

was sufficient to induce antibody internalization and cell killing in 11q13-amplified cell lines 15 

via an antibody/drug-conjugate approach.59 Further research is needed to develop tumor 16 

treatments involving antibody based drugs targeting CD109. 17 

  18 
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Table 1 CD109 expression and its prognostic significance in human tumors. 1 

 Methods for 
human tissue 

analysis* 

Correlation with 
histological 

grade† 

Involvement in 
tumor 

progression 

Correlation with 
prognosis‡ 

Head and neck SCCs     
  SCC of the oral cavity18 IHC(m/c) Higher expression 

in lower grade 
Increased cell 
proliferation 

N.S. 

  Laryngeal SCC19 DNA 
microarray 

N.S. — — 

  Nasopharyngeal SCC20 IHC(m/c) — — — 
Esophageal SCC21,22 qPCR, 

IHC(m/c) 
Higher expression 

in lower grade 
— — 

Cervical SCC23 qPCR N.S. — — 
Skin cancer     
  SCC24-26 IHC(m/c) Higher expression 

in lower grade 
— — 

  Malignant melanoma28 IHC(m/c) — — — 
Brain tumor     
  Glioma16 IHC(m/c), 

ISH 
Higher expression 

in higher grade 
Highly 

expression in 
CD44+ glioma 
stem-like cells 

Worse in CD109-
high group   Glioblastoma16,29,30 FCM(CECs)

, IHC(m/c) 
— 

Breast cancer     
  Ductal carcinoma12 IHC(m/c) Higher expression 

in higher grade 
Increased 

proliferation of  
CD44+ cancer 
stem-like cells 

Worse in CD109-
high group 

  Basal-like carcinoma12,31 IHC(m/c) N.S.  — 
Lung cancer     
  SCC21,32 qPCR, 

IHC(m/c) 
— — — 

  Adenocarcinoma21,32,33 qPCR, 
IHC(c/m), 
RNA-seq 

— — — 

  Non-small cell carcinomas34 ELISA(seru
m), qPCR 

Higher expression 
in higher grade 

Increased cell 
proliferation 

— 

Gastric adenocarcinoma21 qPCR — — — 
Colorectal adenocarcinoma13 Methylation-

specific PCR 
N.S. — Worse in CD109-

methylated group 
Pancreatic adenocarcinoma35-
37 

IHC(c/m), 
DNA 

microarray 

N.S. — — 

Hepatocellular carcinoma14 IHC(c) Higher expression 
in higher grade 

Increased cell 
proliferation 

Worse in CD109-
high group 

Squamous cell / 
adenosquamous carcinomas of 
the gallbladder38 

IHC(m/c) — — — 

Urothelial carcinoma of the 
urinary bladder27 

IHC(m/c) Higher expression 
in lower grade 

Similar 
expression 

pattern to CD44 

Worse in CD109-
low group 

Sarcoma     
  Epithelioid sarcoma15 IHC(c/m) Higher expression 

in higher grade 
Highly 

expression in 
Worse in CD109-

high group 
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* m, membrane staining; m/c, membrane and cytoplasmic staining (membrane staining is 1 

stronger than cytoplasmic staining); c/m, cytoplasmic and membrane staining (cytoplasmic 2 

staining is stronger than membrane staining); c, cytoplasmic staining. 3 

†Histopathological grade was assigned according to the TNM Classification of Malignant 4 

Tumours, except for brain tumors, where the World Health Organization grading system was 5 

used. 6 

‡This column excludes analyses using TCGA data in each article. 7 

ALDH1, aldehyde dehydrogenase isoform 1; ELISA, enzyme-linked immunosorbent assay; 8 

FCM, flow cytometry; IF, immunofluorescence; ISH, in situ hybridization; N.S. not 9 

significant. 10 

11 

ALDH1high  
tumor stem-like 

cells 
  Myxofibrosarcoma39 IHC(c/m) Higher expression 

in higher grade 
— Worse in CD109-

high group 
Diffuse large B-cell 
lymphoma40 

IHC(c/m) — — Worse in CD109-
high group 

Seminoma (Fig. 1b) IHC(m) — — — 
Hemangioma41 IF, IHC(m/c) — — — 
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Table 2 Studies of CD109 using mouse models. 1 

 Analyzed mouse models Results CD109 involvement 
in disease 

progression 

Skin    
  Epidermis8 CD109-deficient mice Psoriasis-like phenotype 

with epidermal 
hyperplasia in CD109-
deficient mice 

— 

  Fibrosis54 CD109-transgenic mice 
with bleomycin-induced 
fibrosis 

Resistance to bleomycin-
induced skin fibrosis in 
CD109-transgenic mice 

Suppression of 
TGF-β signaling 

  Wound healing55,56 CD109-transgenic mice Reduced dermal thickness 
in excisional wounds in 
CD109-transgenic mice 
Decreased fibrotic 
response in hypoxic 
wounds in CD109-
transgenic mice 

Suppression of 
TGF-β signaling 

  Carcinogenesis52 CD109-deficient mice 
with DMBA/TPA-induced 
carcinogenesis 

Reduced skin 
tumorigenesis by CD109 
deficiency 

Suppression of 
TGF-β signaling 

Bone9 CD109-deficient mice Osteoporosis-like 
phenotype with high bone 
turnover in CD109-
deficient mice 

— 

Brain tumorigenesis16 CD109-deficient mice 
(RCAS/tv-a system) 

Lower survival rate in 
WT mice as compared 
with CD109-deficient 
mice 

Increased 
chemoresistance 

Lung adenocarcinoma17 KP mice Reduced lung metastases 
of CD109-knockdown 
cells 

Enhancement of 
JAK/STAT3 
pathway 

Biomarker for tumors46 Xenografted mouse model CD109 detected in the 
serum and urine of model 
mice. 

— 

DMBA, 7,12-dimethylbenz (α) anthracene; KP mice, KrasLSL-G12D/WT; p53flox/flox mice; RCAS, 2 

replication-competent avian leukosis virus splice acceptor; TPA, tetradecanoyl-phorbol 3 

acetate; tv-a, subgroup A avian leukosis virus receptor. 4 

  5 
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Figure legends 1 

Figure 1 Structure of CD109 and its expression in malignant tumors. 2 

(a) Schematic illustration of human CD109 protein. The Gova allelic form has tyrosine at 3 

amino acid (aa) position 703, whereas the Govb allelic form has serine at the same position. 4 

The GPI-anchor attachment site is predicted at aa 1418,60 1420,1 or 1421.61 (b) Representative 5 

histological images of skin SCC, lung SCC, glioblastoma, and seminoma. H&E staining (left) 6 

and IHC staining with the anti-CD109 antibody (right) in these tumor tissues. 7 

 8 

Figure 2 Maturation and secretion of CD109 in vitro. 9 

(a) The 155-kDa core protein of CD109 is linked to GPI and glycosylated in the ER. CD109 10 

is cleaved into 180-kDa and 25-kDa fragments by furinase in the Golgi apparatus. The 11 

complex formed by the 180-kDa and 25-kDa fragments is present on the cell surface. 180-12 

kDa fragments are also secreted into the culture medium. This figure is adapted from 13 

Hagiwara, et al. (2010)42 and presented in accordance with Springer Nature author reuse 14 

guidelines. (b) Some 180-kDa/25-kDa complexes are released into the extracellular space as 15 

exosomal proteins. This figure is adapted from Sakakura et al.44 (CD109 is a component of 16 

exosome secreted from cultured cells, Biochem Biophys Res Commun 2016;469:816–822) 17 

with permission from Elsevier. 18 

 19 

Figure 3 The role of CD109 in cellular signaling. 20 

(a) CD109 negatively regulates TGF-β signaling in keratinocytes. sCD109, soluble CD109; 21 

TGFβRI, TGF-β receptor I; TGFβRII, TGF-β receptor II. (b) CD109 plays paradoxical roles 22 

in STAT3 signaling. No apparent differences were observed in STAT3 phosphorylation 23 

between CD109-knockout (KO) A549 cells and control cells, whereas previous reports 24 

suggest that CD109 regulates STAT3 phosphorylation. CD109 KO in A549 cells was 25 

performed using the CRISPR/Cas9 method, as previously described,17 but with the following 26 

guide RNA sequences: CCCGGAGGAAATGTGACTAT (A) and 27 

ATTTATGAGCTACGTGTAAC (B). 28 
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 1 

Figure 4 CD109 expression correlates with the prognosis of patients with glioblastomas, lung 2 

adenocarcinomas, and gastric adenocarcinomas. 3 

A total of 520 head and neck SCC cases (a), 164 glioblastoma cases (b), 504 lung 4 

adenocarcinoma cases (c), and 387 gastric adenocarcinoma cases (d) from the TCGA were 5 

classified according to CD109 expression, and overall survival rates were plotted using based 6 

on Kaplan–Meier analysis. A cut-off z-score value of 0.3 was selected from the training 7 

analysis and used to classify tumors as CD109-high or -low. All analyses in this figure were 8 

performed, as previously described.16 9 

 10 

Figure 5 Skin phenotype of CD109-deficient (CD109–/–) mice. 11 

CD109–/– mice develop skin abnormalities. Macroscopic images show hair-growth 12 

impairment in a CD109–/– mouse with a C57BL/6J genetic background at postnatal day ~28. 13 

H&E-stained skin sections showing hyperplasia of the epidermis and sebaceous glands. IHC 14 

staining for p63 revealed thickening of the basal and suprabasal layers (positive for the basal-15 

cell marker p63). 16 

 17 

Figure 6 Bone phenotype of CD109–/– mice. (a) Quantitative morphological parameters of 18 

femurs from WT (CD109+/+) and CD109–/– mice with a 129S6 genetic background and 19 

measured by micro-CT scans at 8 weeks of age: bone volume/tissue volume (BV/TV), 20 

trabecular number (Tb.N), and trabecular separation (Tb.Sp). These results obtained in 129S6 21 

mice are consistent with those in C57BL/6J mice.9 Error bars indicate the standard deviation. 22 

*P < 0.05. (b) Schematic illustration of the role of CD109 in bone homeostasis. 23 
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